PCX •^^^'^^^"^^^ 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Intematioiial Patent Classification ^ : 
B32B 3700, 7/00, 15/00, HOIL 2^44 



Al 



(11) International ^blication Number: 
(43) International Publication Date: 



WO 97/18944 

29 May 1997 (29.05.97) 



(21) International Application Number: PCT/US96/ 1 8665 

(22) Internationa] niing Date: 22 November 1996 (22.1 1.96) 



(30) Priority Data: 
08/5i52.099 



22 November 1995 (22.1 1.95) US 



(71) Applicant: THE GOVERNMENT OF THE UNITED STATES 

OF AMERICA, represented by THE SECRETARY OF 
THE NAVY lUS/USl; 4555 Overlook Avenue, S.W., Code 
. 3008.2, Washington. DC 20375-5325 (US). 

(72) Inventors: CALVERT. Jisffrey. M.; 9102 Peaitrcc Land- 

ing. Alexandria, VA 22309 (US). SHASHIDHAR, Ran- 
ganatban; 8928 Applecross Lane. Springfield. VA 22153 
(US). VARGO. Tcnencc, G.; 6907 Streamwood Place. 
Fairfax Station. VA 22039 (USj. CHEN. Mu-San; 10181 
: Maximc 5&ect Ellicott City, MD 21042 (US). 

(74) Agent: McDONNELL, Thomas. E.; Naval Research Labora- 
toiy. Code 3008.2, Washington. DC 20375-5325 (US). 



(81) Designated States: CA. JP, KR, SG. European patent (AT. BE, 
CH. DE. DK. ES, FI, FR, GB. GR, IE. IT, LU, MQ NU 
PT, SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: PATTERNED CONDUCTING POLYMER SURFACES AND PROCESS FOR PREPARING THE SAME AND DEVICES 
CONTAINING THE SAME 



FHOTORESIST-BASFD PROCESS FOR PATTERING POLYPVnROLE 







POLYMUI 


— - 





zzzzzzzzzzm 



UZZL 



^3 



9 



tZZZZZHZZZZZl 



(57) Abstract 



Patterned conducting polymer surfaces exhibiting excellent properties may be prepared by: (a) fonning a surface of a conducting 
polymer on a surface of a substrate; (b) fonning a surface of a blocking materia] on the surface of the conducting polymer in a pattemwise 
fashion, to obtain a first patterned surface containing regions of exposed conducting polymer and regions of blocking material: (c) treating 
the first patterned surface with an agent which: (i) removes the conducting polymer from the regions of exposed conducting polymer, 
(ii) decreases the conductivity of the conducting polymer in the regions of exposed polymer, or (iii) increases the conductivity of the 
conducting polymer in the regions of exposed conducting polymer, and (d) removing the blocking material to obtain a second patterned 
surface containing an exposed pattern of conducting polymer. 
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TITLE OF THE INVENTION 

PATTEPNED CONDUCTING POLYMER SURFACES 
AND PROCESS FOR PREPARING THE SAME \ , 
AND DEVICES CONTAINING THE SAME . 

BACKGROUND OF THE INVENTION 
Field of the Invention ; 

The present invention relates to a simple, convenient 
process for preparing high-resolution patterns of a conducting 
polymer on a substrate. The present invention also relates, to 
the, patterned conducting polymer surfaces so prepared and to 
devices, such as liquid crystal displays, which contain such a 
patterned conducting polymer surface. The patterned 
conducting polymer, e.g. polypiyrrole,* may serve as a 
conducting material to provide a means of addressing selected 
pixels of a lightweight, flexible liquid crystal display. 

Discussion of the Background : 

In current liquid crystal (LC) display fabrication 
technology, the most widely used conductive material is indium 
tin oxide (ITO) . However, the use of ITO has several - 
disadvantages in manufacturing. One drawback is the 
relatively high temperature (about 250 '^C) at which ITO is 
deposited onto glass or other solid substrates, which can 
damage other components of the display such as polymeric color 
filters. Another problem is that when ITO is deposited on 
plastic substrates for purposes such as fabrication of 
flexible LC displays, the ITO becomes brittle and fails when 
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the display is in a curved ponf iguratic^:^ 
Thus, there is a need for a pliable; con.^^ material 
-^^^lT6^^.f-I^t^ and/or iarg^ Oi> ^ 

"arek-LC display ■ devices ' 

An electrically -conducting pol*»er is a desirable I 
alternative to ITO as the conducting material, because il: can; ; y 

'^pe processed at ambient temperature and it is- a. flexible^ . 
orgahic material similar to the plastic substrate. A general^ , 
refefence^ W the subject of conducting polymers is .th^ ■ 

^mbno^ph ^^>t-^- m^ductors. :r.P; Farges. Ed.v Marcel ;l)e)Ocer, ., 
NY, NY, 1994. The concept of using a conducting polymer as ^ 
replacement f or ITd in a LC display is described in 0,S,, 
Patent-Appli-ation Serial No. 08/401,912, filed oh March 9, 

1995. 

- .The conducting polymer polypyrrole (PPy) is an excellent . 

choice as a replacement conducting material for ItO, because 
. PPy can be prepared by a convenient, in-^itu polymerization 

method, and PPy films can be produced with surface resistance, - 
• electrical conductivity, and optical transparency <. 
Characteristics that are appropriate for LC displays and other 
applications. The in situ method can be used to deposit thin, 
transparent films of electrically conducting polymers such as 
polyaniline and polypyrrole from aqueous solutions of the 
: parent monomers, aniline and pyrrole, as they are undergoing 
. polymerization/ This method eliminates the necessity of first 
synthesizing the polymer and then dissolving it in a solvent 
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for film deposition and isr-the simples-t amd least tine- 
consuming approach for preparation of conducting polymer 
films. The use of aqueous solutions for the in-si tu 
polymerization method also alleviates envir6nmentally--related 
organic solvent disposal problems; Both of these factors are. 
important for technological .scale-up and commercialization of 
processes using conducting polymers. 

PPy films deposited by. the in-situ method can be prepared 
with conductivities > 300 . S/cm using the anthraquinone-2- 
sulTonate counterion in the ptesence of 5-sulfosalicylic acid 
(see for example: R.V. Gregory, W.c. Kimbrell, and H.H. Kuhn, 
Synthetic MBtals, vol. 28, p. C-823 (1989)). This translates 
to a surface resistance of between 600-3000 n/square, nearly 
two orders of magnitude lower than that for typical 
polyaniline: films deposited by the in situ method. These PPy 
films can also be obtained with optical transparencies in the 
range of > 65%r70% transparent. Jn-situ-deposited PPy films 
therefore have properties that make them very useful as 
conductive elements for the fabrication of a variety of liquid 
crystal display devices. 

To fabricate an addressable LC display, one of the 
conducting elements must be patterned to a particular geometry 
and linewidths that constitute the designated output of the 
display. Depending on the nature of the LC display, the 
geometry may be in an alphanumeric pattern, a grid pattern, an 
array of dots, or some other pattern. The minimum dimension 
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of the patterned features typically ranges fro» relatively 
large (> lOO Mm) to very fine (-10 M») • A process for 
patterning •conducting polymers must be able to ia4et the 
resolution requirements of the display. Additiorially, the V 
process for patterning the conductive: polymer must not 
adversely affect the electrical surface resistance or the 
optical transparency of the conducting polymer in the active . 
regions, or the properties of the underlying substrate. ' 
Finally, the patterning process must be simple, reproducible, 
cost-elf ectivd, and compatible with existing manufacturing 
equipment used in the 'LC display industry. 

A number of methods have been reported for producing 
patterns of PPy on various substrates. In one method, long- 
. chain alkyl self. assembled monolayer (SAM) films are stamped 
onto a gold substrate. The SAH-modified electrode is immersed. 
. ih a solution of pyrrole, and the SAM film blocks electron 
transfer so that PPy is deposited onlyin the bare regions of 
the substrate. For a detailed description of this. approach, 

see: C.B. Gorman, H.A. Biebuyck, and G.M. Whitesides,. 
Chemistry of Materials, vol. 7, pp. 526-529 (1995). In 
related approaches, the patterned deposition of PPy can be 
initiated at semiconducting substrates by patternwise exposure 
of the substrate through a solution containing pyrrole 
Taonomer. The polymerization and deposition of PPy is then 
initiated photoelectrochemically at the substrate in the 
irradiated regions of the substrate. For a description of 
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these approaches, see: M. Hikita, 0; Niva, A. Sugita, and 
T. Yamamura, Japan Journal o£ Applied Physics vol. 24, pp. L79 
(1985) ; and M. Okano, I. itohr a7 Fuj^i^^^ and K- Honda, 
Journal of the Electrochemical Society , vol. 134, p. 837 
(1987). These nethods are limited to metallic substrates such 
as gold or semiconducting substrates such as silicon, and are 
not appropriate for use on flexible, insulating polymeric 
substrates . 

In a second method, a flupropolymer substrate is modified 
by ^ plasma -treatment to create regions of greater or lesser 
adhesion for a fPy film formed from an in-si tu deposition 
method. The plasma is prevented from accessing the substrate 
in cer^taXnT^io^ use~ of " a physical mask such as a 

metal grid. The PPy is deposited initially over the entire 
substrate, but is then removed from the unmodified regions by 
either ultrasonication in solution or by removal vith adhesive 
tape. For a diascription of these approaches, see: U.iS. Patent 
Application Serial No. 08/401,912 (see above) and L.S. van 
Dyke, C.J. Brumlik, W. Liang, J. Lei, C.R. Martin, Z. Yu, L. 
Li, and G.J. Collins, Synthetic Metals, vol. 62, pp. 75-81 
(1994). These methods are limited to relatively low 
resolution PPy pattern formation, characterized by rough 
edges, and the use of physical masks is not compatible with 
standard manufacturing techniques for preparing commercially 
useful addressable liquid crystal displays. 
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-Iri a third method, a PPy f ilm deposited onr a y; ■ : v 
fluoropolymeric substrate was removed from selected regions ot; 
the substraW by laser ablatioxv. For a description of this y 
.approach, see. l..S, van Dyke, Brumliic, CR. Martin, : 

z: Yu, and 'G.J> Collins, synthetic Metals, vol. 52, piJ. 299- ' 

304 (1992) . This approach is not preferred for: practical 

applications due to the need for expensive . high-power laser . . 

exposure tools which are not desirable for cost-effective . 

manufactufiW. as well as the damage caused by laser ablation . 

to thf-underlying substrate and the edges of the patterns. . 
in a fourth method, pyrrole vapor is absorbed into a film 

of a chlorine-containing polymer such as 

polychloiroacrylonitrile^tPCAN^h^^ 

irradiated in a patternwise fashion. In the photolyzed 
regions' free radicals are created from dissociation of the 
chlorinated polymer, and the radicals initiate polymerization 
. of the absorbed pyrrole monomer to form a PPy/PCAN composite. 
For details of this method, see: R. Baumann, K. Lehnarr> and 
J. Bargon, synthetic Metals, vol. 54, pp. 243-249,, (1993) . No 
electrical conductivity data for the polymerized pyrrole 
. composite -was reported. However, because this material is a 
mixture of PPy and an insulating material, the conductivity of 
the composite is almost certainly much lower than that of pure 
PPy which is a severe disadvantage for use of the composite as 
a. conductive material for display fabrication. In addition, 
this process is limited to those chlorinated polymers that 
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produce, sufficient free radicals to initiate the 
polymerization of pyrrole. Of the four polymers tested, only 
PCAN required as little as 5 minutes ~of exposure with a high 
intensity (IpOOW) lamp.. Also, the reported times for sorption 
of pyrrole into the chlorinated polymer were -5-10 hours, 
which is impractical for use of this process . in routine ^ 
manufacturing. 

Several methods have been described for patterning 
polyaniline (PAni) . In. one method, a film is .prepared from a . 
watSr-soluble derivative of :PAni that contains a cross- . 
linkable group on the polymer backbone. The film is exposed, 
to electron-beam or UV irradiation, which crosslinks the 
"polymer^in" the- exposed—reg-idnT — ^and the-unexposed7-areas are 
dissolved in water to produce the final patterns. 
Conductivities reported for the patterned PAni films produced 
by this method range from 10'' to 10"^ S/cm, which are much 
lower than the value of 1 S/cm that is characteristic of. the 
best films of unsubstituted PAni films (and again several 
hundred times worse than typical values for PPy films) . For a 
description of this method, see: M. Angelopoulos, J.H. Shaw, 
N.c. Labianca, and S.A. Rishtpn, Journal of Vacuum Science and 
technology, vol. Bll, pp. 2794-2797 (1993). This method is 
limited to specially-derivatized PAni polymers, and the 
inherent requirement of derivatizing the PAni backbone with a 
cross-linkable group for pattern formation leads to severe 
degradation of the electrical properties of the conducting 
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pbly^er, makng it uhdesi«ble £b^ u.e as an active' element in; 

LC display fabrication^ 
' ■ Thus, all of th^ abpveTdescribed methods have inherent 

iimitatiJis with res^^^^ for practical y 

fabrication^ c,f high ifescilution.patt^r^^ of highly conductive 
/ polymers on polyBeric substrates. T^^ there remains a need 
for a process for preparing patterned conducting polymer 
surfaces which does not. suffer from such drawbacks. In 
particui^; there r^ins a need for a simple, convenient 
process for producing fine, patterns of conducting polymers 
Which exhibit good conductance and optical transparency. 



- RTIMMARY "^Tg TfTVENTION 

Accordingly, it is on^: object of the present invention to 
provide a novel process^ for preparing patterned conducting 

15 polymer surfaces. 

It is another object of the present invention to provide 

a simple and convenient process for preparing patterned 
conducting polymer surfaces. 

It is another object of the present invention to .provide 
20 a process for preparing patterned conducting polymer surfaces 
. Which affords patterns of conducting polymer exhibiting good 

conductivity properties* 

It is another object of the present invention to provide 

a process for preparing patterned conducting polymer surfaces 
25 Which affords very fine patterns of the conducting polymer. 
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It is another object of the present invention to provide 
a process for preparing patterned conducting polymer surf aces 
which affords patterns of conducting polymer exhibiting good 
optical transmission properties. 

It is another object of the ipresent invention to provide, 
novel patterned conducting polymer surfaces prepared by such a 
process. 

It is another object of the present invention to provide 
devices which contain such a patterned conducting polymer 
surface. 

. The^e and othiBr objects, which will become apparent 
during the following detailed description, have been achieved 
" by~then[nventOT polymer 
surfaces exhibiting excellent properties may be prepared by: 

(a) forming a surface of a conducting polymer on a 
surface of a substrate; 

(b) forming a surface of a blocking iaaterial on said 
surface of said conducting polymer in a patternwise 
fashion, to obtain a first patterned surface 
containing regions of exposed conducting polymer and 
regions of blocking material; 

(c) treating said first patterned surface with an agent 
which: (i) removes said conducting polymer from said 
regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting 
polymer in said regions of exposed conducting 
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■ (iii) iiicreas^s the conductivity of; said; 

^ 4 /txjriducting poly^ of exposed-; 

; , V and~ 
^ (dy ^ reinoyiri^ sa^^^ material l:o obtain a second . 

: patterned surf ace containiiig- an exposed pattern of 
. coj'i'^^cting polymer. 

. : \ . BPTEF DESCRIPTION OF THE DRAWINGS 

V A BOTeV^bmplete appre^ °f 
the a^endant advantages; thereof will be readily obtained as 
the same become^ better understood by reference to the 
following detailed description when considered in connection 

with" the acconpahying -drawings,- wherein:— 

Figure 1 is a schematic diagram of one embodiment of the 

present, process; 

~ Figures 2a and b are optical micrographs of patterned 

surfaces prepared by the present process ; 

Figure 3 is a micrograph of a patteri^ed surf ace prepared 

by the present procesis; 

Figure 4 is a micrograph of a patterned surface prepared 

by the present process; 

Figure 5 is a schematic representation of a polymer 
dispersed liquid crystal (PDLC) display according to the 
present invention; and . 
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Figure 6 is a schematic representation of a conducting 
polymer twisted nematic liquid crystal display according to. 
the pi'^seiit invent iorr. ~ ' 7 

n^TAILED DESCRIPTiON OF THE PREFER RED EMBODIMENTS 
5 Thus, in a first embodiment, the present invention 

provides a process for preparing a patterned surface of a 
conductive polymer by: 

(a) forming a surface of a conducting pplymer, on a 
. .. : surface of a substrate; 
Q (b) forming a surface of a blocking material on said 

surface of said conducting polymer in a patternwise 

fashaon-t^obtain-a-first-patterned_s.^^^ — 

containing regions of exposed conducting polymer and 
regions of blocking material; 
^5 (c) treating said second patterned surface with an agent 

which: (i) removes said conducting polymer from said 
regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting 
polymer in said regions of exposed conducting 
20 polymer; or (iii) increases the conductivity of said 

conducting polymer in said regions of exposed 
conducting polymer; and 
(d) removing said blocking material to obtain a second 
patterned surface containing an exposed pattern of 
25 conducting polymer. 
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-In the first step (ajVa surf ace o£ a conducting pbiymer 
is formed on a surface of -ai substratei In principle, any ^ 
polymer having an electricai conductivity of at" least -^^^^^ 
b>10 »S/cm, preferably at least o>lO-»S/cm, can be used as the 

5 conducting polymer, such conducting polymers are described in 
Chapter 11 of or-aanic Conductors . J. P. Farger, Ed. Marcel 
Dekker, NY, NY, 1994, which is incorporated herein by 
reference. Such conducting polymers include, . e.g. , cis and.; 
trans polyacetylenes (PA), polydiacetylenes (PDA), 

10 polyp^aphenylenes (PPP) , polypyrrbles (PPy) , polythibpbenes 
(PT) , polybithiophenes , poly isothianaphthene , 
polypheny leneviny lenes (PPV) , polythienylvinylenes (PTV) , . 
polypheny lenesulfide (PPS) , and polyaniline (PAni) : For 
convenience, the structures of these conducting polymers are 

15 . shovm below. 

. trans-Pblyacetylene: 




\ /n ^ 
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Polydiacety lene : 




. R = Gi.2i-aikylr phenyl 
= Ci.22-alkyl, phenyl 

Polyparaphenylene: . 



Polypyrrole: 




Polythiophene : 
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Pdlypheny iieneviny lene : 




Polythieny ieneviny lene : 



Polypheny lenesulfide : 






In the above-given structures , it is to be understood 
that H atoms may be replaced by substituentsv such as C^.^^" 
5 alkyl, or phenyl or groups containing ionic groups such as 
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carboxylate or sulfonate. These groups may be att?x:hed.; ^ 
directly or through ester, ether, or amide linJ^y. , In general, 
substitution worsens the electrical conductivity of the. 
ccmductihg polymer, but xaay enhance features such as-: 
solubility or orientation at the air/water interface, for 
example. In particular, in the case of polypyrrole, it is 
preferred that no substituents be present, because such 
substituents typically lower the electrical conductivity. 
References which further describe the synthesis. and . 

prope^ies of these conducting polymers include: 
k.F. combarel et al, r P Va,1. ScU S^y. C vol. 262, p. 459 
(1966) ; L.T. Yu et al, T PolyiH Pr.-j . Syiftp. g, vol. 16, p. 
2931 (1967); M. Doriomedoff et 'al, ,T ChUn. ?nYS; (Paris) , 
vol. 68, p. 39 (1971); T. Itaet al. T mlyrn Sri . Chem. ^d. . 
vol. 12, p. 11 (1974); H. Shirakawa et al, rhe^. CommuTi, ,,P- 
578 (1977); C.K. Chiang et al, Phys. Rev. Lett. , vol. 39, p. 
1098 (1977); P.J. Nigrey et al, rhem. Commun. ., p. 594 (1979); 
AG. MacDiarmid et al, Synth. Metals, vol. l, p. 101 (1980); 
D.M. ivory et al, ,T. Chem. P^ys. , vol. 71, p. 1506 (1979); 
A.F. Diaz et al, Chem. Commun., p. 635 (1979); K.K. Kanazawa 
et al, ^Ho^. commun.. p. 854 (1979); G. Tourillon et al, 3^ 
■^....ri.^. Che^.. vol. 135. p. 173 (1982); E-M. Genies et 

al, Synth._Metals, vol. 36, p. 139 (1990); H.W. Gibson et al 
. ..... soc: . vol. 105, p. 4417 (1983); M.C. DOS Santos 

et al, OH... Rev. Lett. , vol. 62, p. 2499 (1989); Syntil. 
jSetals, vol. 29, p. E321 (1989); H. Kiess, ed. , Coxduaatgd 
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Conducting Polymers . Springer Series in Solid Sta te Sciences.. : 
Vol. 102, Springer-Ver lag, Berlin,. 1992. 

Preferably, the conducting polymer is polypyrrole (PPy) 
or polyaniline (PAni) . It is particularly preferred that the 
conducting polymer be PPy. Moreover, it . is especially 
preferred that the conducting polymer be PPy with the 
counter ion of anthraquinone-^2-sulfonate prepared in the 
presence of 5-sulfosialicy lie acid. Such PPy can be prepared 
as described in R.V. Gregory et dil. Synthetic Metals , vol. 28, 
p. ^823 (1989) , which is incorporated herein by reference. 

The substrate may be any substrate on which the 
conducting polymer can be fomned. Preferably the substrate is 
a dielectric or semiconductor. ' Examples include inorganic 
substrates such as glass, quartz, silica, silicon, silicon 
carbide, silicon nitride, alumina, alumintin nitride, titcinia, 
titanium nitride, and diamond. Organic substrates include 
polymers, . plastics,/ waxes; specific polymer materials include 
polyesters (e.g., polyethyleneterephthalate) , 
polyvinylacetate, polyolefins (polyethylene, polypropylene, 
polyisobutylene, polybutadiene) , polyethers (polyethylene 
oxide, polytetrahydrofuran) polyvinylmethylether, 
polyvinylbutylether, polyamides (Nylon 66) , polyacrylamide, 
polyimides, polycarbonates, polysulf ones, polyketones 
(polyvinylpyrrolidone) , f luoropolymers 
(polytetraf luoroethylene, polyvinylidene fluoride, 
poly (tetraf luoroethylene-co-hexaf luoropropylene) ) , aromatic 



W097,1894i ^ . PCn7US96/,8665 :: 

-18- ■ ' - ' ■ _ 

yjarbcarfeoh poli^erS (polystiyrene^ polystryenesuif onic, acid) , 
i^a-ylate and acrylic acid polymers: (pblyaethacryaate, • . 
|)C)iyinethylinethacrylate (PMHA) ; ^ : 
p^iytfethaerylic acid) /phenolic polyiners (polyvinylphenol, ^ > 
noVolak), pblyyinylalcohol , polyamihes (polyvinylpyridiney 
poiyvinylbipyridine- polyallylamine, polyethyleneimine) , 
polypeptides (poiy lysine) , siloxane polymers 
■ (polydimethylsiioxane) , halogenated pol^^ 

pblychiorbstyrene) , / acetal polymers (polyvinylbutyral) , 
eibxies/ copolymers, derivatives/ and mixtures of the above. 
: Preferred substrates for liquid crystal display . 
r transparent polymers such as : 

'aiiry lie polymers, polycarbonate, poly ethyleneterephthalate, 

f luoropolymers . In a preferred embodiment , the substrate . 
is flexible, in a' particularly preferred embodiment, the 
Substrate is a fluoropolymer which has been plasma modified as; 
iM&scrito^d in U.S. Patent Mos. 4,94fr,903 and 5,266,309, which 
are incorporated herein by reference. 

The surface of the conducting polymer can be formed on 
■ the surface of the substrate using any conventional method • 
Thus, a solution of preformed polymer may be spin-coated or 
dip-coated on the substrate. However, it is preferred that 
the conducting polymer surface be formed on the surface of the 
substrate by in-situ polymerization of the monomers which make 
up the polymer in the presence of the substrate. The in-situ 
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formation of a surface of PPy is described in R.V. Gregory et 
al, Synthetic Metals, vol. 28, p. C-823 (1989) , which is 
incorporated herein by reference. The in-situ formation of a 
surface of PAni is described in J. H. Cheung et al, Thin Solid 
Films, Vol. 244, p. 985 (1994), which is incorporated herein 
by reiference. 

The first step (a) of the present process thus yields a 
continuous layer of the conducting polymer on the surf ace of 
the substrate. Typically, the conducting polymer layer will 
be ^ nm to 1 mm, preferably 10 nm to 500 nm, thick. Control 
of the polymerization conditions to obtain a layer of 
conducting polymer having the desired thickness is within the 
abilities of one having ordinary skill in the art. 

In the second step (b) , a patterned surface of a blocking 
material is formed on the surface of the conducting polymer. 
The blocking material may be any conventional material which 
does not adversely af f e^ct the properties of the conducting 
polymer. For the purposes of the present invention, what is 
needed is a film of sufficient thickness that can be applied ' 
to the conducting polymer surface in a patterned fashion so 
that it can effectively block an etchant (or conductivity- 
altering reiagent) for the conducting polymer in selected 
regions of the substrate, and then be removed to reveal 
patterns of conducting polymer and no conducting polymer, or 
conducting polymer and altered conducting polymer. 
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> . T^^^tterned surface of blocking material^may; b« f onbed 
by any cohventional technique, such as patternwlse irradiati^ : 
vS^^bT^^iicai patternwise 
s^taying. in the; case of radiation-induced patterning of the 
blocking Material, the blo«*ihg material will be a resist and 
step (b) will involve the following substeps: 
. (bj forming a surface of a resist on said 
' surf ace of said conducting polymer ; 

(b,r exposing said surface of said resist to 
• ^ actinic radiation in a patternwise fashion . 

to obtain a patterned surf ace containing - 
regions of resist which have been exposed 

__■ —^^^^^^^^ . 

resist which have not been exposed to said 

actinic radiation; 
(b^) developing said patterned surf ace obtained 

in step (b,) to obtain a patterned surf ace • 
containing regions of exposed conducting 
polymer and regions of remaining resist; 
For radiation-induced patterning, the blocking material 
will be sensitive to photons (infrared, visible, UV, x-ray), 
ions, or electrons. A typical imaging film would, then be a 
photoresist, ion beam resist, or e-beam resist. Descriptions 
of various types of imaging films, such as photoresists, e- 
S beam resists , x-ray resists , including chemically-amplified 
and non-amplified photoresists, as well as positive and 
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negative tone resists, are found in: W. Moreau, Semiconductor 
Lithography - Principles. Practices, and Materials > Plenum 
Press f HY / 1988T-~Ghapters 2-5 ,—PP'~2^-258 . ; R. Dammel , 
... Diazonaphthocminone-based Resists . SP.IE Press, Bellingham, WA, 
5 1993; E. Reichmanis, S*A. MacDonald, T. Iwayanaga, Polymers in 
Microlithooraphy t Materials and Processes . ACS Symposium 
Series Vol. 412, ACS Press, Washington, DC, 19.89; L.F. 
Thompson, C.G. Will son, and S. Tagava, Polymers for 
Microelectronics; Resists and Dielectrics , ACS Symposium 
10 Series Vol. 537, ACS Press, Washington, DC,- 1992, all of which 
are incorporated herein by reference. 

Alternatively, another method for applying a patterned 
!_^bloc)cing _f ilm would be to physically stamp or spray a blocking 
material onto the conducting polymer surface in the selected 
15 region, and then proceed with etching or doping of the exposed 
regions of the conducting polymer surface. In the case of 
stamping and spraying, any inert material which can be readily 
removed without adversely affecting the conducting polymer 
layer may be used as the blocking material, such as a 
20 polymeric naterial as described above or a nonpolymeric 

material such as a wax or a compound which contains a long 
(Ci2.3o) alkyl chain or other hydrophobic group. 

Examples of specific commercially available e-beam 
resists and photoresists include: S1400, S1800, SNR-248, 
25 SNR-200, and SAL-601 (all from Shipley Co., Marlborough, MA); 
the AZ 15O0, 1900, 6100, 4000, 7000 series and the AZ P4000 
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series (e;g. , AZ-446Pvaiui AZ-4620); phc^oresists-^frw^^^^ 
ceianese (Somervilie, NJ»ji (see AZ PhotcMre^ist Prt^dtoc^s, ; 
Hoe<dS^i^e5eW^tio^i7^^^ 095; wtiicft is 

incofjporated herein by reference) , and the e-beaa ^es^st 
polyiethyl pethacrylate; (PMMA) (Al^ich Chemical CO., -r ;^^^ 
Milwaukee, wi). Preferred photoresists, due to factors such 
as lower cost, wide availability, and sensitivity to visible , 
and long wavelength UV, are the diazonaphthoquinone-noyolak 
types, ^^einplif ied ifay l^e^ S^^^^ SlSOp, and AZ-1500, >Z-1900, > 
.AZ-4400 and 4620 series resists - 

Either apositive or a negative photoresist may be used. 
A positive photoresist is one in which pattemwise ii^adiati<in 
witV actinic ra d iation a nd-^ul^s equen tr^development^af-f-ordg a 
patterned surf ace in , which the photoresist which was y . 
irradiated is removed from the surface. ,iv negative .: 
photoresist is one in wliich patternwise irradiation With 
actinic radiation and subsequent development afford&ia.. 
patterned surface in which the photoresist whidh" was not 
irradiated is removed from the surface. 

The surface of the photoresist may be formed on the 
surface of the conducting polymer by any conventional method, 
such as spin-coating, dip-coating, roller coating, etc. Spin 
coating is preferred for wafers and smaller (<12'') substrates 
Roller coating is of particular use for large area substrates 
such as large area liquid crystal display substrates. 
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Photoresist layers for this type of process may range 
• jbetween 0.01 and 10 microns In thickness; typical values are 
0.5-2 microns; although thickeir and thinner ones may — 

conceivably be used. | 

In substiep (bj) the surface rbf the photoresist is exposed 

to actinic radiation. The exact nature of' the actinic 

radiation used will depend on the type of photoresist used in 

the second step (b) . 

Photoresists of the <.novolak-diazonaphthoquinpne type are 
typically- sensitive throughout the UV to near visible range, 
i.e., from -450 nm down to 190 nm and below. Chemically- 
amplified photoresists are generally designed for use with 
high resolution exposure_tools_such_as__deep UV steppers, and 
are usually sensitive to radiation from about 365 nm down to 
190 nm and below. For a description of the operation of 
optical and other radiation exposure of resists, see: W. 
Horeau, Semiconductor Lithography - Principle s, Practices, and 
Materials . Plenum Press, NY, 1988, particularly Chapters 8 & 9 
(pp. 365-458) which is incorporated herein by reference. 
Typical sources for photolithography include: high pressure 
and low pressure Hg lamps (emitting UV and visible light, 
operating from 185 nm thru 700), and laser sources (e.g., ArF 
and KrF lasers, operating at 193 nm and 248 nm, respectively). 

The surface of the photoresist is irradiated in a 
patternwise fashion by using a photolithographic mask. A 
discussion of photolithographic masks and their use in 
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contact, proximity, and projectibi. printing be fpund.in V^.,; i 
Moreau, ^^r^- P'^-^"- i^itt^naraphv - Prinriples Pr^ctjceg, and ; 
jjateriaM, Plenum Press, NYV pp. 379-397 and 401-402, 

which is incorporated herein by reference. The exact geometry 
5 of the mask will depend on: (1) the pattern of the conducting 
polymer desired; '(2) whether a positive or negative , 
photoresist is being used; and (3). the type of agent being 

ttised in 6tep <c) . . 
~ Thus'; the second step (b)> affords a continuous layer of . 
10 the photoresist on the surf ace of the layer of the conducting 
polymer, control of the conditions, in the method used for 
forming the photoresist surface to obtain a layer of 
photoresist having the desired thickness is well within the 

abilities of the skilled artisan. 

Wien using a positive photoiresist and- an agent which 

either (i) removes the conducting polymer from the regions of 
exposed conducting polymer; or. (ii) decreases the conductivity 
of the conducting polymer in the regions of exposed conducting 
polymer, the mask will have a geometry such that those regions 
of th3 surface on which no conductivity or reduced 
conductivity are desired are irradiated and those regions of 
the surface which are desired to exhibit good conductivity ate 
not irradiated. When a negative photoresist and an agent 
Which (iii) increases the conductivity of the conducting 
25 polymer ate used, the same type of mask may be used. 



15 



20 



wo 97/18944 PCT/US96/18665 

"25- 

Alternatively, when a jpositiye photoresist is coupled ^ ■ 
with an agent of type, (iii) or when a negative photoresist is 

coupleanw^itir^n wentr"Of^^^ , then-the mask will 

have a geometry such that those regions of the surface on 
5 which no conductivity or reduced conductivity are desired are 
not irradiated and those regions of the svurface which are 
desired to exhibit good conductivity are irradiated. 

The time of the irradiation will depend on the intensity 
and wavelength of the irradiation source and the thickness of 
10 the photoresist layer. The adjustment of the radiation time 
to achieve complete irradiation of the desired regions of the 
photoresist surface is well within the abilities of the 

skilled-artisan i — — 

Thus, substep (bj) of the present process yield a first 
15 patterned surface which contain regions of photoresist which 
have been exposed to actinic radiation and regions of 
photoresist which have not been exposed^ to actinic radiation. 

In substep (bj) , the patterned surface obtained in substep 
(bj) is developed to remove regions of photoresist. The 
20 development is typically carried out by contacting the first 
patterned surface with a reagent or solvent which selectively 
removes photoresist on the basis of whether or not the 
photoresist has been exposed to actinic radiation. When using 
a positive photoresist, the developing step will result in the 
25 selective removal of the photoresist from those regions of the 
surface which have been irradiated. When using a negative 
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photoresist, th^ developing step will result in the selective ^ ' : 
renoval of the photoresist from those regions of the surface 
whibh have not been irradiated, suitable developing reagents 
ox: soi^nts are described in Chapter 10 of More^u et ^1. , 
ii^ir,r^^niL<y - :j^^>^-^»^^ - PrindmeB. Fractjces, and 
l^tgri^/ "P^^ press, NY, 1988, pp. 459-544 . which is 
incorporated herein by reference. 

Thus, substep (b,), affords a patterned surface which 
.cdntains^-?r.fegions of . exposed conducting polymer and regions of 
: remaining photoresist, control of/ th6 conditions, such as 
time,: temperature and concentration, to ensure complete 
development in substep (b,) is also well within the abilities 
of the skilled artisan. - : 

■•in step. (c) of the present process, the first patterned, . 
sturf ace bbtained in the step (b) is treated with an agent 
which: (i) removes the conducting polymer from the regions of 
exposed conducting polymer; (ii) decreases the conductivity of 
- the conducting polymer in the regions of. exposed conducting- 
polymer; or (iii) increases the conductivity of the conducting 
polymer in the regions of exposed conducting polymer. 

Examples -of agents which (i) remove the conducting, 
polymer from the regions of exposed conducting pdlymer include 
both physical and chemical etchants. Examples of physical 
etchants include ion milling (e.g. , Ar ion bombardment) , which 
would etch the PPy and blocking material at comparable rates, 
and therefore remove the PPy before the blocking material was 
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eaten away. This requires a coxaplicated, . expensive tool and 
is less preferred. Chemical etchants nay take the form o£ a 
sblutiorr~or vapornpha^^"=~"Examp^les-of -vapor-phase etchants 
include an oxygen or air plasma, that o:|cidize and eat avay the 
resist and PPy at comparable rates. The ion milling and 
plasma etching approaches are good with photoresist masking, 
because the resist is thick compared to the conducting 
polymer. For solution etching, there are two main 
requirements of the etchant: the conducting polymer has to 
either be soluble in the solution, or be converted to a 
soluble species in the etchant, and the etchant must also not 
dissolve or distort the blocking material. 

— since~photorres4sts-are-^enerally_-soluble-_oxL-_sw^ in 

many organic solvents (see discussion on resist stripping 
below), especially polar ones, most organic solutions are 
unsuitable as selective etchants for the conducting polymer 
which will not also attack the photoresist. PPy is generally 
an insoluble material. Therefore, the polymer PPy could not 
be readily synthesized and then cast into films for 
applications. It is for this reason (as well as overall 
process simplicity) that the in-situ deposition process is of 
such importance. Organic solutions are also less preferred 
than aqueous solutions for disposal purposes. 

There are a number of reports in the literature of 
electrochemical or chemical oxidation of PPy with various 
reagents, including oxygen in the presence of water, PbOj, Ag*, 
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Cu**, Fe'*, Br,, Ij. Spectroscopic, studies' suggest that 
oxidation of PPy with these reagents involves changes, such as / • 
hy^oxylation of the pyrrolyl nitrogen 6r conversion of 
pyrrole ring methylene groups to ketone or carboxyliti acid 
fuhctibnalities, but does not subs'tantialiy break up the 
polymer into soluble material (see: G.B. Street, T.C.Clark^, 
M. Krounbi, K. Kanazawa, Y. Lee, P. Pfluger, J.C Scott,- and . 
G. Weiser, wnlecular crystals and Liquid Crystals, Vol. 83 „ 
pp. 253-^64 (1982); C. Kakouris, J.A. Crayston, and J.C. 
Walton, gY^i-Vi^tic Metals ." Vol. 48, pp. 65-77 (1992) ; P. A. 
Christensen and A. Hamnett, Electrochimica Acta, Vol. 36, 
pp. 1263-1286 (1991) ; J. Lei, W. Liang, and C.R. Martin, 
^ YT^h^tic Metals . Vol. 48, pp. 301-312 (1992.) . In fact. 
Street reports that oxidation with Ag\ Ca^\ Fe'*, Br,, I, 
serves to increase the conductivity of the PPy, whereas . - . 
oxidation with air or oxygen results in decreased 
conductivity. 

The only report that describes dissolution of PPy by 
proposed degradation into monomer ic, dimeric, and other 
soluble fragments is the ^report by C.C. Chen and K. Rajeshwar, 
T Pl^r^f-rochem. Soc. . Vol. 141, pp. 2942-2946 (1994). Here, 
chloride. ion was electrochemically oxidized to hypochlorite at 
a PPy coated electrode and the disintegration and dissolution 
of the PPy from the electrode was observed. No suggestion was 
nade for using the electrochemically generated hypochlorite 
for patterning PPy; in fact, the work revealed this reaction 
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to .be a deleterious side effept in the use of PPy as an 
electrode coating for battery cells using chloride ion 
electrolytes. 

Thus, OCl" is the only; reagent reported in the literature 
that can function as an etchant f6r PPy. Also, as it does not 
dissolve or degrade the photoresist, it is ideal as an etchant 
for the present process. Ceric (IV) annnonium sulfate has now . 
been found to function as an etchant by removing the PPy from 
the substrate. The mechahisin of its operation is unknown. 
Both hypochlorite and Ce(IV) are ^strong oxidants, with formal 
potentials of +1.63 V (vs. NHE) and 1.44V (vs. NHE) , 
respectively. However, oxidation potential is. not the only 
important factor, as PbOj, which is reported by Kakouris to 
oxidize PPy, but not dissolve it, has a formal potential of 
+1.46V - greater than that for Ce(IV) . Hydrogen peroxide, 
manganese dioxide, nitric acid, and perchloric acid, all shown 
in Example 2 below to have little effect on the dissolution of 
PPy, have formal potentials of +1. 78V, +1.21V, +0.94V, and 
4rl.i9V, respectively. All of these oxidants can be compared 
to the electrochemical potential for oxidation of PPy, which 
is — 0.2V; so every one of the oxidants mentioned above has in 
excess of IV driving force for the oxidation of PPy, yet only 
two reagents were found to be able to dissolve (as well as 
presumably oxidize) PPy. 

Other agents which may be used for PPy removal are 
strong, aqueous oxidants and include: permanganate ion (MnO^*, 
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+1.49V) , dichromai^ ion (Cr,0 ^ bremate ion (BrO^, ; ; S 
+1.52V)/hyp6biro»ite ion (BrO , +1.^^^ nitric :«i>xide (SO, ; v; t 
+i;^^v77hj?^i^^ 

+2:0V). All electrocKeiaicki ;pote^^ taken frcaa th^ . . , 

^jir_nji>.iii"^ ^-^^-^ ^ Phvslfcs;v53rd Edition. CRC . 

Press, 1972-73, pp. D113rll5. 

Hypochlorite salts and cerium (IV) salts are preferred. 

The gegen ion may be any that does not interfere or have a 
deleterious effect. In the case of hypochlorite „Na and K may 
be mentioned as suitable cation^, in the case of Ce(IV)„ the 
ammoniuih sulfate salt has been found to be useful. 

on the other hand,, PAni can be synthesi2ed in a soluble 
p-SiySir-f^anr^^^ ^ substrate (we 

use dimethylacetamide; solubiiity in dimethylformamide, N- 
methylpyrrolidone, or aqueous acids has been reported; see 
K.F. Schoch, W.A. Syers, L.J. Buckley, s ynthetic Metal^ , Vol. 
72, pp. 13-23 (1995) ; K.G. N^oh. M.Y;. Pun, E.T. Kang, and K.L. 
Tan. ..y^^Ho^.n Metals. Vol. 73, pp. 209-215, (1995)).. 
However, the same general types of solvents that dissolve the 
PAni also will likely swell or dissolve the photoresist. «^o, 
. it is not obvious at this point whether the solution^based 
removal approach can identify the proper combination of 
etchant and resist stripper systems. Preferred oxidizing 
agents include salts of , hypochlorite , such as potassium or 
25 sodium hypochlorite, and eerie ammonium sulfate. 
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AS Shown in the Examples given below, removal of PPy by . 
the hypochlorite and ce (IV) • et chants was essentially complete / 
within secondsV Typically/ these oxidizing agents will be 
applied to the first patterned surface in the form of an 
aqueous solution. In the case of ; hypochlorite, 0.001 wt.% to 
50 wt.% solutions in water are suitable, and .1 wt.% to 10 wt.% 
solutions are preferred. Iri the case of cerium ammonium 
sulfate, 10"* to 10 M in water solutions are suitable, and 10'^ 
to 1 M solutions are preferred. Typically, the first 
patterned surf ace will be treated with the oxidizing agent at 
15 to 95*C preferably 20 to 30*C, for a time of 0.1 to 100 
minutes, preferably 1 to 10 minutes. The control of the exact 

conditions tcT a^hleve-complete-removal- of the exposed 

conducting polymer is well within the abilities of those 
15 having ordinary skill in the art. 

Of course, it is to be understood that it is not 
necessary to remove all of the conducting polymer from the 
regions of exposed conducting polymer. Rather it is only 
necessary to remove sufficient conducting polymer so that the 
20 conductivity in the regions of exposed conducting polymer is 
decreased to a level significantly below that of the 
conducting polymer in the unexposed regions. For example, in 
the case of PPy, a 15 nm thick layer will typically have a 
conductivity of 500 S/cm- Since the conductivity of the PPy 
25 decreases with decreasing thickness, removal of only a portion 
of the PPy from the exposed regions will result in a decreased 
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cot.^ . ^ decrease in conductivity by 

; a f actor: of 100 is^^^^^^ even without removing all ^ 

. Vo^^^^^^^ polymer from the exposed regions. When the 

5,atterned surf ace 6t: conducting polymer is beingused as a 
circuit or ih a bioch^ical sensor/ a decrease in conductivity 
by a factor of. 10%, pref^^^^^ 50%, is sufficient to result in 
selective qohduction through the regions of higher ^ . 
conductivity. When the present patterned surface is being 

in ^-liquid crystal display, it is preferred that the , 
conducts of the exposed regions of conducting polymer be 
^educed^^^ch'that the ratio of the conductivity of the 
untreated conducting polyiDer to the conductivity of ^e 
. treated conducting polymer be at- least 10>, preferably 10*. 
, The phahge in surface resistance that was obtained in 

5 Example 2; below, was a decrease of -150x. Specifically, in 
one ixample, for a starting value of surface resistance for 
PPy of 2.5 kohm/sq (kohm = 10» ohm) , treatment with MF- 3 12 
developer (tetramethylammonium hydroxide aqueous solution) 
produced a surface resistance of -305 kohm/sq, giving a change 

20 of 122X. 

The effect of having regions of higher vs. lower surface 
resistance with respect to liquid crystal switching is to 
flatten and spread the intensity vs. voltage curve. 
Differential switching in one region vs. another occurs but 
25 depends strongly on the switching voltage frequency. Thus, 
the liquid crystal LC switching characteristics of those 
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> regions would be different,, which nay be used in a display 
- configuration. ^ 

Examples of agents which (ii) decrease the conductivity 
of the conducting polymer in the exposed regions of conducting 
5 polymer include hydroxides of the-formula R^.,,NH,e> in which R 
• is Ci.4-alkyl and x is an integer of 1 to 4 and aerial 
oxidation. Especially preferred is tetramethylammonium 
hydroxide. As in the case of the agents of type (i) , the 
agents of (ii) are typically applied to the second patterned 
10 surface in the form of an aqueous solution. In the case of 

R4-xNHx*0H", 10-* to 10 M solutions are suitable, and lO;^ to 1 M 
isolutions are preferred. 

. — Tjje-exact- eonditions-of— treatment-with_th^ of type 

(ii) will of course depend on the exact nature of the agent 
15 and the conducting polymer. In the case of a 0.27 M aqueous 
solution of tetramethylammonium hydroxide and PPy, good 
results may be achieved using treatment times of b.l to 100 
minutes, preferably 1 to 10 minutes, and temperatures of 15 to 
95«»C, preferably 20 to 30*>C. As noted above, when the present 
20 patterned surf ace is to be used as a circuit or in a 

biochemical sensor, the treatment of the second surface with 
the agent of type (ii) is suitably carried out so that the 
conductivity of the conducting polymer in the regions of 
exposed conducting polymer is reduced by a factor of 10%, 
25 preferably 50%. However, when the patterned surface is to be 
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us6d iri a iiqiiid crystal displ^ igr^ 

neces^ary;.as- described' above. f; :-..:-;;;^ -y'/S^ ' ' ; : ■ v ■ ; ■ 
Exia^ies bf, Suitable; agiehts of >th4 type (iii) which 

indluiae strong^ protic'a^^^^ Various: oxidants 

(see page 27 and Example 2) , and )el^oche»ical oxidation, 
preferred agents of type (iii) inclu^^^^^ mio,, and HClb,. 

Again.>the second patterned surfacfe ^ill t^^^^ be treated 
with an ^iieou^ solution of the ag^iit of type (iii) . . In the 
case bf strong protic, acids, such^^^^^^^^ 

H,SO,, 10-" to 10 M solutions are suitabler and lO"* to 1 M. 
solutions are preferred. 

The-exact tiMe-and-te»pe^ 
second patterned surface, will depehd on the identity of the 
agent of type (iii) and the conducting polymer. In the case 
of a i M solution of HNO, and PPy, good results may be achieved 
using a treatment ti»e of 0.1 to 100 minutes, prefer ably- 1 • to 
10 minutes, and a temperature of 15 to 95«C, preferably 20 to 
30'C. When the patterned surface of conducting polymer is to 
be used as a circuit or in a biochemical sensor, the treatment 
with the agent of type (iii) is suitably carried out so that 
the conductivity of the exposed conducting polymer is 10%, 
preferably 50%. greater than that of the conducting polymer in 
the unexposed regions. 

Thus, step (c) affords a surface which contains regions 
Of blocking material (remaining photoresist in the case when 
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substeps (bj) , (bj) . and bj) are used) and regions in which: 
(i') at least a portion of the conducting polymer has been 
removed? (ii^ the conductivity. of-«ie.^exposedLconducting 
polymer has been decreased; or (iii') the conductivity of the 
exposed conducting polymer has been increased. 

In step (d) > the blocking material is removed. 
Typically, the reinaining photoresist will be removed by 
washing with a solvent or stripper. The exact solvent will 
depend on the identity of the photoresist. Strippers for 
resists are described in Chapter 14 of W. Moreau, 
Semiconductor Lithogranhv - Principles . Prac tices . and 
Materials . Plenum Press, NY, 1988, pp. 779-812, which is 
— incorporated- here in.. by_rjt.f^rence^ is to 

strip the resist without adversely affecting the conducting 
polymer that remains on the surface. Strippers can be: 

1) Organic solvents, typically polar solvents such as 
chlorinated hydrocarbons (e.g., methylene chloride), ketones 
(acetone, methyl ethyl ketone, methyl isobutyl ketone, N- 
methylpyrrolidone) , esters, alcohols, diinethylsulf oxide. . 
Preferred arc non-toxic solvents like acetone that have been 
shown (Ex. 2), not to affect PPy; or 

2) Aqueous strong acid or base solutions. 

In the case of the photoresist S1400, acetone is the 
preferred solvent. The selection of a suitable solvent for a 
given blocking material is within the abilities of those of 
ordinary skill in the art. 
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Removal of the blocking »aterial in step (d) affords a 
surface containing regions of exposed conducting polymer : : 
having VT^^^iid^i^J^^^ 

conducting polymer surface formed in the f irst ^tep (a) and > 
regions in which: (i') at least a portion of the conducting 
polymer has beWn removed; (ii') the conductivity of the 
exposed conducting polymer has been decreased; or {iii') the 
conductivity of the exposed conducting polymer has been 

increasiedV 

in cases (i) and ( ii) , the regions of conducting, polymer 
which were not exposed and which were not treated with an 
agent in step (e) will have a higher conductivity than the 
'region-sni'rand-(^ (iii)' the region^ ot 

conducting polymer wljiich were not exposed and which were not 
treated with an agent in step (c) will have a lower 
conductivity than the regions (iii') ♦ 

By means of ' the present process, it is possible- to obtain; 
surfaces having an exposed pattern of conducting polymer in 
which the pattern of conducting polymer has any geometry' or 
pattern which is conventionally achievable using 
photolithographic techniques. Thus, it is possible to achieve 
patterns in which the line width of the regions of high 
conductivity or low conductivity is as fine as 0.1 micron 
linewidths using current state-of-the-art optical lithography 
techniques, and -l.O nm or below using state of the art 
electron-beam or ion beam exposure tools. 
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The patterned surfaces of conducting polymer produced by 
the present process may be used las the conductive element in ^^ 
liquid crystal display device. Thus, the present patterned 
surf ace can be used as a replacement for a conventional 
patterned surface of ITO in a liguid crystal display device. 
However, as alluded to above, due to the flexible nature of 
the conducting polymers, it is preferred that the present 
patterned surface of conducting polymer be present on a 
flexible substrate and constitute the conductive element in a 
flexible liquid crystal display device. 

Figure I is a schematic diagram of one embodiment of the 
present method. In the first step, a film of PPy is formed on 
a^olymer -substrate In-the-second-^tep-,_a_iayer^. o 
photoresist is spincoated on the PPy. In the third step, the 
photoresist is exposed to actinic radiation in a patternwise 
fashion. In the fourth step, the exposed photoresist is 
developed to remove the photoresist from the regions which 
were exposed to actinic radiation in the third step and to 
expose regions of PPy. In the fifth step, the exposed PPy is 
removed by etching, and in the sixth step, the remarning 
photoresist is removed. 

The present invention will now be explained in further 
detail in the context of PPy. However, it is to be understood 
that the good effects of the present invention may be achieved 
using other conducting polymers. 
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. This invention describes a siinpliB;: practical prodess for 
producing high resolution patten^ of a conducting polymei^. pij | 
poi^-^ic- substrates °^ f 

contenpiated in any of the previous Reports on the patterning ^ 
of conducting polymers.' Thiih films of PPy can be deppsited :by 
the in-situ method onto piasmsi-roodif ied f lubrbpoLymeric 
substrates using previously described procedures. A ; 
photoresist is then applied to the conducting polymer: filn. . 
The photbresist is exposed with UV light through a cohtact 
mask, and is developed to form a pattern of photoresist: oi^ top- 
of the PPy film. An aqueous solution of sodium hypochlorite 
or other reagent is theh applied to the photoresist-coated PPy 
to-Temove-the-PPy f ilm-f rom-fehe-regions-not - protected by the 
photoresist. Finally, the photoresist is dissolved- from the 
surface using a solvent such as acetone, leaving patterns of 
electrically conductive PPy on the flubropolymer substrate. A 
" schematic description of this process is shown in Figure 1. 
The ppy-patterned substrate is then used as the pattern- 
forming conductive element in a liquid crystal display. 

In a variation of the present invention, the PPy is 
deposited onto the f luoropolymer substrate as above and the 
photoresist is applied, exposed with UV light, and developed 
with an aqueous solution of tetramethylammonium hydroxide 
(TMAH) - a conventional commercial photoresist developer. The 
TMAH increases the surface resistance (and decreases the 
electrical conductivity) of the PPy by a factor of -150. but 
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does not remove the PPy from the; substrate* The photoresist 
is then dissolved from the substrate as above. In this case, 
the highly conductive~!PPy i^^^ active 
regions of an LC display, whereas the mqre highly resistive, 
base-treated regions Will not switch as effectively at the 
same applied voltage and do not function as active areas. 
This configuration may be preferred in applications where the 
complete removal of the PPy film is hot desired.. In this 
embodiment, steps (d) and (e) are combined. 

Finally, certain reagents. such as hydrochloric acid, 
nitric acid, sulfuric acid, and perchloric acid as well as 
those reported in the literature have been found to decrease 
the surface resistance -(and— increase^ the-eonductivity) of as- 
formed PPy films by up to a factor of 3. Treatment of PPy 
films, either before or after, photoresist patterning 
procedures described above, can be used to optimize the 
electrical characteristics of the PPy for display 
applications. 

Materials and methods for producing patterns of 
conducting PPy patterns on f luoropolymeric substrates are 
described in the examples below. However, the photoresist 
patterning method, coupled with appropriate reagents for 
either removal, impairment, or enhancement of the electrical 
properties of the conducting polymer is a general concept that 
can include non-f luoropolymeric substrates (including 
inorganic and other polymeric materials) , other conducting 
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polymers (such as polyaniiine, poiythiophenc, polyacetylene) , 
arid other etchants (solution phase or plasma) . . The patterned 
conducting polymers produced by this approach can be used for 
liquid crystial displays,' sensors or transducers for 
electrochemical, radiation, temperature, or acousticai input, 
microelectronic circuitry, or other applications where 
patterns » of electrically conducting polymers are required. . 

Other applications of the patterned conducting polymers 
af forded i>y the present invention include: actuators; 
antiradiation coatings; antistatic coatingis and carpets; 
/coatings, fibers, films, paints, etc.; artificial muscles; : 
batteries (lightweight, high energy density, rechargeable, 
flexible, odd-shaped); capacitors and supercapacitors; 
catalysts; coating for initiating electroless or electrolytic 
metal plating on dielectric substrates; conductors 
(lightweight); controlled-release medicine delivery systems; 
corrosion-preventive paints; displays; electrochromic and 
electroluminescent displays; smart windows; electrodes^ 
(catalysts, fuel cells, etc.); electromagnetic shielding; 
electromechanical actuators for biomedical devices, 
micropositioners, microtweezers, roicrovalves/. etc. ; electron- 
beam resists; field effect transistors; fuses (reversible) -gas 
separation membranes; heating elements (e.g., clothing); 
infrared reflectors; photolithographic resists; loudspea)cers 
(electrostatic); memory devices (electrical, optical); 
molecular electronics; micro- or nanoelectronic circuitry; 
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nonlinear optics;, packaging materials; pH modulator;,, 
polymer/ solid electrolytes; semiconducting devices: p-n 
junction, - photovoltaicsT-Schottky—dipd^BS.,.._light-emi 
diodes, transistors, etc.; and transparent conductors. 
5 Such applications are discussed in J.S. Miller, Adv. 

Mater.,, Vol. 5, p. 587 (1993) and in Moreau, pp. 759-823, 
which are incorporated herein by reference. 

A polymer or glass fiber coated with PPy or other 
conducting polymer in a selected region may. be used as a 
10 biocompatible electrochemical sensor that may be inserted or 
implanted into a cell or other small area. It has recently 
been reported that neurons may be stimulated by voltages 
— .applled_to_a_^.onductinq poly mer-coat ed plastic; there was no 
pattern definition involved. The present invention may be 
15 used to provide electrical stimulation to neural networks much 
like those currently produced on glass substrates. Acoustic 
sensors may bie fabricated by putting PPy electrodes onto a 
piezoelectric polymier such as polyvinyl idene fluoride. These 
sensors become more sensitive as they have less mass to 
20 displace, and using a lightweight conducting polymer, rather 

than a metal electrode, could yield improved acoustic sensors. 
Conducting polymers have high electrical conductivity, but 
poor thermal conductivity and, as such, may be used to prepare 
improved pyroelectric detectors, because current materials are 
25 much better thermal conductors and spread heat, thereby 
lowering the resolution of the thermal image. 
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'■■'irf-i: In addititin/ .the present patteirned sturfiaces: of cbnductihg ^ 
ppiyiners may be used as a plating base f or the. patternwise 
plating oi-'si metal onto"the"suf "f ace ."""Tlie presefit ^patterned 
dbnductihg pbiy^^ may be used as a plating base for either 
eifeqtroless' plating br electropiating (in which current is 
pissed through- ' the cphducting polymer) of metals as circuit 
traces, vlas, or; ihterconnects on nonconductor substrates. 

Other features of the invention will become apparent in 
the coursiB of .lixe foli^^^ 

embodimtents which are given for illustration of the : invention 
and are hot intended . to be limiting, there^ 

-EXftMPLE-l^ — Fabricatrion-ef^^^^^ 

substrates.. ■. 

conductive film? of pblypyrrdle were deposited onto: 
modified tetraf luoroethylene-corhexaf luprppropylene ( PEP) 
films (obtaineii f row puPbnt Co. / Wilmington, DE) using the iii- 
situ polymerization method. A transparent film of FEP was cut 
into a 1.5 X 1.5 inch square and then uitrasonically cleaned 
in methanol, for 30 sec. The FEP was then placed into a 
Harrick radio frequency glow discharge (RFGD) plasma cleaner 
(Model PDC-23g) which was modified with an in-line high vacuum 
leak valve for controlling gas flow and chamber pressure. A 
mixture of H, and methanol was then introduced into the plasma 
chamber under constant flow conditions such that a constant 
pressure of 100 mTorr was achieved. The FEP film was then 
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: exposed to a plasma for i.5 niin.. After removal from the 
plasma chamber the modified FEP film was thtsn ultrasonically 
' washed in methanol* — -This-proGess-controllably~^def luorinates 
the FEP film and produces hydroxyl (-OH) groups on the surf ace 
of the polymer* The plasma modiYication process has been 
described in U.S. Patents 4,946,903 and 5,226,309, which are 
incorporated herein by reference. 

Deposition of conducting films of polypyrrole (PPy). onto 
modified FEP was done using an iii-situ polymerization 
technique* Pyrrole monomer (0.6 mL) was dissolved with 
mieignetic stirring in 100 mL of DI water (200 mL beaker, room 
. temperature) during 15 minutes. In a separate 400 mL beaker, 
. ferric chloride (3, 5 q) w a s dissolved w ith magnetic stirring in 
loo mL of DI water. After 5 minutes stirring at room 
temperature, 0.9 8g of anthraquinone-2-sulfonic acid sodium 
salt (AQ2SA) was added to the ferric chloride solution. This 
solution was stirred for 5 more minutes to dissolve ^the AQ2SA. 
Then, 5.34g of 5-sulfosalicylic acid sodium salt (SSA) was 
added, and the solution was stirred for 5 more minutes to 
dissolve the SSA completely. 

Polymer substrates were immersed inside the 400 mL 
beaker. The entire 100 mL of pyrrole solution was added 
quickly (during 1-2 seconds) to the beaker containing the 
ferric chloride mixture, completely immersing the polymer 
substrates into the deposition solution. After 5-15 minutes 
in the deposition solution, the substrates were coated with 
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thin PPy films and were removed troin the beaker • Shorter . ; 

» • , . ■ " " ■ . . . • - " ■ . 

deposition times yielded films of higher transparjency/^hd . 

liigher surface resistance than^those deposited at longer 

tiaes. The piPy f ilis were ultrasbnically cleaned in. a 400. mL - 

iaeaker filled with DI. water for 30" sec, ultrasonically cleaned 

in kethanol for 2 min, and then rinsed in methanol for! 20 seci 

The PPy films were then dried under nitrogen floWi 

The PPy films on the FEP substrates were characteirized by 

UV-Vis-NIR spectroscopy and by 4 -point probe resistance 

measurement . Measurement of the intensity of the . 550 rim peak 

of the PPy film by UV spectroscppy gave both the transparency 

and thickness of the PPy film. Typical transparencies ranged 

'"from^0^8^'tt^[nsmrssiOT^ film , thickness 

. ranged from 10 to 25 nm (using the conversion factor of 0.0375 

Absorbance units = 3;5 nm thickness). Electrical measuremerits 

of the PPy films were made using a Signatone model 4-point 

probe with a Keithley model i9& Voltmeter and Keithley model 

224 power supply. Typical values of surface resistance for ; 

as-prepared films ranged-between 600-4 000 ohm/sq, although 

some preparations yielded PPy films with surface resistances 

as high as lOK ohm/sq; corresponding electrical conductivities 

ranged between 100-1300 S/cm. PPy films allowed to stand in 

air under ambient conditions generally exhibited an increase 

in surface resistance over a period of several days; 

5 stabilizing at values typically ranging between 5-10 kohm/sq. 
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PPy films for display fabrication were used as soon ias - 
possible after deposition to avoid oxidative degradation. 

EXAMPLE 2 > Effect pf various reagents on the electrical 
properties of PPy films. T;: 

Films of PPy on FEP substrates, prepared as described in 
Example 1, were treated with various solution reagents for 
times ranging from 30 sec to 10 min, and the change in 
surface resistance of the PPy film was measured using the 
fourrpbint probe technique. Although PPy films for these 
experiments were taken : from the same preparation, the surface 
resistance values- from sample to sample can vary by a factor 
-of —2-3 , so - the~ehanges— in-^urf ace^resistance-^are_^^^ 
normalized to the initial value of the PPy film prior to 
exposure to the reagent. For the results shown in the Table 
below, the initial surf ace resistance values for the PPy films 
ranged from 2 Kohm/sq to 6 kohm/sq. 

It should be noted with regard to the surface resistance 
changes that if the PPy film is of the highest quality, i.e., 
lowest starting surface resistance/highest conductivity 
values, then the acid doping has little affect. The data in 
the table was obtained for films of moderate quality, where 
the additional increase in^ doping level could be discerned. 
However, the base-induced undoping was effective regardless of 
the initial PPy surface resistance - for the typical ranges 
produced above. 
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. The reagents arid tti^ir^ eff ec^^^^ surf aice resistance 

are listed belcw for 1 min: iiaimersiori ^times at 22 ^C: 



■Reagent • ' / . .. v'». ■• " ■/ 

1:1 MF-312 developer (see Ex. 3) 

Cone- NH4OH 

4M NaOH (aq) 

IM CH3COOH 

30% H2O2 

IM HCl 

IM H2SO4 

IM HNO3 ^ 

IM HCIO4 

IM NaNOj 

O .IM AgNOa 

IM MhOj in IM HCl 

Clorox bleach (5.25% NaOCl (aq) ) 

0:iM (NH,)2Ce(S0,)3 

Acetone 



surface stance (RvV 

Change 

Increased 142x 
Increased 82x 
Increased l.3x 
Increased 1 • 4x 
Increased'^ 1 . 9x 
Decreased 2 .Ox ' i ? 
Decreased 1.7x 
Decreased 3 .2x: 
Decreased 1.9x.. 
Decreased 1 . 4x 
Unchanged (<10%) 
Decreased iz . 5x 
Removed film 
Removed film 
Increased 1.4x 



These data show that . reagents such as:MF-3l2 developer 
ahd ainmonium hydroxide severely impair the surface resistance 
(and therefore the electrical cbhductivity) of PPy films; 
acidic reagents can imprbve R, and a by* -2-3x; acetone which is 
employed in the photoresist removal step (See Examples 2 and 
3) does not materially affect the electrical properties, and 
strongly oxidizing reagents such as 3odium hypochlorite and, 
eerie ammonium sulfate dissolve the PPy film and remove it 
from the fluoropolymer substrate. 



EXAMPLE 3 . Fabrication of patterned PPy films using sodium 
30 hypochlorite et chant. 
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Polypyrrole-coated FEP substrates were produce^^^ 
described in Example 1. The ..PPy-rCoated' substrate was spin- 
coated with 1.2 thick film of , S14 00-27 photoresist (Shipley 
C60> The photoresist was exposed to 20 sec (total dose - 200 

5 mJ/cm^) of patterned UV (365-405 -nm) radiation uising a Hg/Xe 
lamp<^based contact printer (Karl SUss Co.) with a chrome-on*^ 
glass . qontact mask.. The exposed photoresist was dissolved 
using MF-3 12 developer (Shipley Co.). 1*1 dilution with DI 
water (the diluted solution is composed of 0.27N 

10 tetrainethylammonium hydroxide, THAH) foe 1.5 min and was 

rinsed with DI water. The substrate was then immersed in a. 
solution of Clorox® bleach (aqueous sodium hypochlorite) for 
30-j60-,sec^ta_,dissolye the_PFyl_f_llm from the regions left . 
unprotected by the photoresist; the substrate was then rinsed 

15 , with DI water and dried under a stream of nitrogen. The 

photoresist was then removed by immersing the substrate in 
: acetone for 1 min, and the substrate was rinsed with DI water 
and dried. Examination of the substrate by optical microscc^y. 
showed. patterned regions of polypyrrole that replicated the- 

20 patterns on the contact mask, with features having minimum 
linewidths of -50 /im and sharply defined edges. The same 
procedure was used with a contact mask having serpentine 
patterns and linewidths as fine as 10 f&m. Optical micrographs 
of the patterned PPy films are shown in Figures 2a and 2b, 3, 

25 and 4. In Figures 2a and b, the lighter regions are those in 
which the conducting polymer remains, and the darker regions 
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are those in which the conducting, poiyner was removed. In 
Figures 3 and 4 , the lighter regions are those in which the 
conducting, polymer was removed arid, the darker regions are 
those in which the conducting poiyme 

The same PPy patterning procedure was used as described 
above, with the exception that a high resolution lithographic . 
test mask was employed with an exposure dose of 100-mJ/c»» and 
a development time of 1.5 min. Inspection of PPy patterns 
under the optical microscope revealed patterns with minimum 
linewidths of 1t2 im. . 

gt^jSL^- Fabrication of patterned PPy films using ce^ic 

ammonium sulfate etchant. 

polypyrrole-coated FEP substrates are produced as 

described in Example i and are coated with photoresist, 
" exposed and developed as described in Example 2. The , 
substrate is then immersed in an 0.1 M aqueous solution of 
eerie ammonium sulfate for a period of 10 min or less to 
remove the PPy film from the regions not protected by 

photoresist, rinsed with DI. water and dried. The photoresist 
is removed by immersion in acetone as described above, leaving 
patterns of PPy on the FEP substrate. 
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EXAMPLE 5 > Fabrication of patterned PPy films with lowered ; 
surface resistance. 

Patterned polypyrroie-coated FEP substrates are produced 
as described in Example 3. After removal of the photoresist, 
the patterned PPy film is immersed in a solution of aqueous 
(IM) nitric acid for 1 min, rinsed with DI water and dried. 
The acid dip decreases the surface resistance of the PPy by a 
factor of -3x. 

EXAMPLE 6 . Fabrication of patterned PPy films using MF-3 12. 

Polypyrrole-coated FEP substrates were produced as 
described in Example 1 and were coated with photoresist^ 

exposed~and~aevel^^ The MF-3 12 

developer degrades the 'electrical properties of the PPy film 
in thei regions unprotected by the photoresist. The 
photoresist is then stripped with acetone as described above. 
The f luoropolymer substrate now has patterns of highly 
conductive PPy film corresponding to the regions that were 
protected by the photoresist; in the other areas, damaged PPy 
with -150x higher surf ace resistance remain. 

EXAMPLE 1 . Fabrication of a liquid crystal display using 
patterned PPy films. 

An unpatterned PPy-coated f luoropolymer substrate (-2" 
square) was produced as described in Example 1. A patterned 
polypyrroie-coated FEP substrates was produced as described in 
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lxainpie >)/ A 15 W^^^ inserted betweeiv. 

the two substrates to be able to control the spacing of the 
c^llV Th6 PDIiC device is fabricated by mixing equal weight 
. pitcentagesjVof e^^ neiiiatiic li^id crystal nixture ?7 (EM^ 
Chemicals V- a^^^ Hcrland Optical 

Adhesive ^#65v Bef Dire p6iyiDer the Nbrland adhfesive,. . 

. the liquid crystal is dissolved in a pre-polymer, and a small 
amount of this homogeneous mixture is placed on the conducting 
polymer i^^^^ The substrates are placed 

oii tbp of eacdi other with the conducting surfaces facing 
toward the inside of t4. cell with a ^^^^^^ offset, such that 
the electrical contact can be made. The sample is 
phbtopolymerized for approximately twenty minutes using 360 im 
UV light, connection to an electrical power supply was made 
by attaching metal clips, to the PPy film-coated substrate. 
The PDLC device, fabricated in this, manner using the 
poiypyrfole film as the conducting substrate-, exhibits - 
electrooptic, switching. The voltage dependence of the 
intensity of transmission of the PDLC device with polypyrrole 
substrates shows a threshold voltage of about 15 vclts beyond 
which the intensity attains a saturation value. 

EXAMPLE 8 . PDLC device fabricated from PPy film on PET. 

A number of PDLC devices have been fabricated using both 
polypyrrole and polyaniline films as electrodes. Here the 
fabrication and working of one type of PDLC as a typical 
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example is described. The PDLC device was fabricated using 
polypyrrole coated PET as described in Example 2. A schematic 
diagram of Wis vice'~(W<^^ type of 

conducting polymer film) is shpwn in Figure 5. This device 
5 has a very important feature - the electrically conducting 
surfaces by which the voltage is applied to the device are 
conciucting polymer films. Thus, the ITO coated glass or 
plastic conducting substrates of the usual PDLC devices are 
replaced by conducting polymer films in this device. 
10 The conducting polymer (polypyrrole) coated PET was cut 

into strips of appropriate size (e.g., 5x5 cm^) for the PDLC 
cell fabrication. To be able to control the spacing of the 

c€^ri"~between^he:reiectr-odes-,— one~of— the-s was treated 

with the 15 micron size spacers. The PDLC device was 
15 fabricated by mixing equal weight percentages of eutectic 
nematic liquid crystal mixture E7 (EM chemicals) and UV 
-curable optical adhesive. Norland Optical Adhesive #65. The 

ordinary refractive index of the liquid crystal is nearly 
' equal to that of the polymer (n=1.524), a prerequisite to 
20 fabricating a PDLC light shutter. Before polymerization of 
the Norland. adhesive; the liquid crystal was dissolved in a 
prepolymer and a small amount of this homogeneous mixture was 
placed on the conducting polymer substrate with the spacers. 
The substrates were placed on top of each other with the 
25 conducting surfaces facing toward the inside of the cell with 
a small offset, such that the electrical contact can be made. 
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The 'sample wks phbtopolyinerizted for approximately twent^y; ' ■ ; • • t: : 
minutes in OV light (360 ni) : the pre-polymer mo^ety^;^; ; 
polymerizes, the low molecular weight liqxiid crystal is no ' • 
longer SOl\*le i^n the polymer binder and it subsequently phased J 
separates from the polymer: binder. >The liquid crystal droplet . , 
morphology begins to form and the droplets continue to- g?:ow ; 
. until the polymer binder locks in the droplet morphology and • • 
size. The PDLC device, fabricated in this manner using the / : 
polypyrrc^i^ f il^ as the cohducting substrate, exhibited 
electro^optic switching. The voltage dependence of the 
intensity of transmission of the PDLC device with polypyrrole • 
substrates showed a threshold voltage of about' 15 volts beyond 
which the intensity attains a saturation value. This 
behavior, the qualitative nature of the variation of the 
intensity with applied voltage, as well as the magnitude of 
the threshold voltage, .re very similar to those ih currently . . 
used PDLC devices with ITO based substrates. 

: Twisted nematic liquid crystal display device 
fabricated from PPy fill" PET. 

A TN cell was fabricated using polypyrrole films 
deposited on PET as in Example 2. The cell (Figure 6, 
consists Of two conducting substrates, two polarizers, spacers 
to control the cell thiOcness, and eutectic nematic liquid • 
crystal material (E7). The conducting substrates were treated 
(unidirectional rubbed) to create uniform parallel alignment. 
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The sxibstrates were sandwiched together with the conducting 
sides facing each other, a small offset to allow for electric 
conriectiOTs/ Snd with the aligimeht-dir the top 

substrates rotated at 90 » with riespect to the bottom 
substrates. The spacers, (usually/ 3-10 microns) were placed 
between the substrates so as to control the cell thickness. 
The two opposing side edges are sealed with an epoxy glue and 
the cell is filled with the Liquid crystal by capillary 
action. Placing the cell between crossed polarizers completes 

the TH display. 

The electro-optic characteristics of a TH device, 
fabricated using the conducting polymer (polypyrrole) films 
— aeposiW-Dn-PET-^s-^e-el*Gtrode_surtaces.,_.l^^^ 

investigated. The applied voltage was 24 volts across the 
thickness of the cell- The rise time and the off -time, 
evaluated from the value of the optical intensity at 10% and 
90% of the intensity, are 35 ms and 54 ms. Thus, the 
functioning and the characteristics of a working TN device- 
fabricated with an optically transparent conducting polymer as 
the conducting substrate has been demonstrated. This reduces 
the steps involved in the device fabrication. 

Obviously, numerous modifications and variations of the 
present invention are possible in light of the above 
teachings. It is therefore to be understood that, within the 
" scope of the appended claims, the invention may be practiced 
otherwise than as specifically described herein. 
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WHAT TS CLATMFn AS NEW &Wb. DESIB Tgn. Ttivflfe SEOmEtf BY LETTEgS 
PATF.WT OF THE UNIT^n STATES IS; X - ^^^^ • . • 



' 1. A process: for preparing; a patterned cbnductiiig . 
polymer surface, said process comprising: . 

(a) forming a surface of a conducting polymer on a 
surface of a substrate; 

(b) fonaing a surface of a blobking material .on said 

: surface of said conducting polymer in a patteriiwise 
"fashion/ to obtain a first patterned sutf ace 
: containing regions of exposed conducting polymer and 
regions of blocking material; 
\b) treat ing said first patterned su rf ace with an agent 
~~' n^iiihT (i) removes said conducting polymer from said 

regions of exposed conducting polymer^^ 
decreases the conductivity of said conducting 
: polymer in said regions of exposed conducting 

.polymer; or (iii) increases the conductivity of said 
conducting, polymer in said regions of exposed . 

conducting polymer; and 
Cd) removing said blocking material to obtain a second 
^ patterned surface containing an exposed pattern of 

conducting polymer. 
2. The process of Claim 1, wherein said substrate is 
selected from the group consisting of glass, quartz, silica, 
silicon, silicon nitride, alumina, aluminum nitride, titanxa, 
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titanium nitride, diamond, waxeis.i polyesters , 
jjolyvinylacetate, polyolefins, polyeth^rs, 
polyyinylmethylether, polyviriylbutylether, polyamides, 
polyacrylkmide, pblyimides/ polycarbonates, polystilfones, 
polyketories , fluoropolymers , aromatic hydrocarbon polymers , 
acrylate and acrylic acid polymers> phenolic polymers, 
poiyvinylalcohol, polyamines, polypeptides, siloxane polymers, 
polyvinylchloride, polyvinylbenzylchloride, polychlorostyrene, 
polyvinylbutyrai, copolymers thereof, and mixtures thereof. 

3. The process of Claim iV wherein said conducting 
polymer is selected from the group consisting of , cis and. trans 

-rpolyacetylenes, polydiacety lenes , polyparaphenylenes, 
polypyrroles, polythiophenes— potybithiophenes, . 
polyisothianaphthene, polypheny leneyiny lenes, 
polythienylviny lenes , polypheny ienesulfide , and polyaniline . 

4. The process of Claim 1, wherein said conducting 
polymer is polypyrrole. 

5. The process of Claim 1, wherein said conducting 

polymer is polyaniline. 

6. The process of Claim 1, wherein said agent is 
selected from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, aqueous R4.,,NH,* 
OH- (where R is C,.,-alkyl) , HCl, HNO,, HCIO,, and HjSO,. 

7. The process of Claim 1, wherein said agent is a 
hypochlorite salt. 
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8 . The process of ciaim 1 ; wherein said' agent is 
tetrameithylaHunohiuin hydroxide . 

9. A patterned conducting: polymer surface prepared by a 

process comprising: 

(a) Vfonnihg a surface of a conducting polymer on a 
Surface of a substrate? 

( b) forming a surface of a blocking material on said 
surface of said conducting polymer in a patternwise - 

* 'fashion, to obtain a first patterned surface 

containing regions of exposed conducting polymer and 
regions of -blockiiig material; 
(c) treating said first patterned surface with an agent 
which: (i) removes said conducting polymer from said 
.. regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting 

pblyiaer in said regions of exposed conducting 
polymer; or (iii) increases the conductivity of said 
conducting polymer in said regions of exposed, 
conducting polymer; and 
JO . (d) removing said blocking materi?! to obtain a second 
patterned surface containing an exposed pattern of , 
conducting polymer. 
10. The patterned surface of Claim 9. wherein said 
substrate is selected from the group consisting of glass, 
25 quartz, silica, silicon, silicon nitride, alumina, aluminum 
nitride, titania, titanium nitride, diamond, waxes. 



.5 



wo 97/18944 



PCTAJS96/1866S 



-57- 

polyesters, polyvinylacetate, polyolefins, polyethers, 
polyvinylmethylether, polyvinylbutylether , polyamides, 
polyacrylamide, poIyimidesTHPO^y^ 

polyketones, f luoropolymers; aromatic hydrocarbon polymers, 
acrylate and acrylic acid polymei;s, phenolic polymers, 
polyviriylaicohol, polyamines, polypeptides, si loxane polymers, 
polyvinylchloride, polyvinylbenzylchloride, polychlorostyrene, 
polyvinylbutyral, copolymers thereof, and mixtures thereof. 

11. The patterned surface of claim 9, wherein said 
conducting polymer is selected from the group consisting of 
cis and trans poly acetylenes, polydiacetylenes, 
polyparaphenylenes, polypyrroles, polythiophenes, 

-T)olybithiophenes-r-^>oly isothianaphthene., 

polypheny lenevinylenes , polythienylviny lenes , 
polypheny lenesulfide, and polyaniline- 

12. The patterned surface of Claim 9, wherein said 
conducting polymer is polypyrrole. 

13. The patterned surface of Claim 9, wherein said 
conducting polymer is polyaniline. 

14. The patterned surface of Claim 9, wherein said agent 
is selected from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, aqueous R4-,NH„- 
OH- (where R is C,.,-alkyl) , HCl, HNO3, HClO,, and H^SO,. 

15. The patterned surface of Claim 9, wherein said agent 
is a hypochlorite salt- 
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; - vr i6.: W p^tteriied surf ac^^ whqirWi^ said< agent 

is ;tetramethylaiMnoni\im hydroxide^^ :■■ ^ , ■ ■■ 

17 . An electronic . or electroptic device> ccmi)rising a . 
i*atternedVconducting^po^ '-^'f--^ 
coiiducti^hg ^1^^ prei^ed'by a process pomprising: ' ; 

(a> fpnaing a surf ace of a cpriiducting polymer on a 
surface of a substrate; 
;'(b) ' forming a ; surface of a blocking material on said . 
'^^■ surf ace of said conducting polymer in a p^^ 
fashion, to obtain a first patterned surface; 
. ■ containing regions of exposed conducting polymer ind 

regions of blocking ^material;- 
(c) treating said iirst patterned surface with an agent 
which: (i) removes said conducting ^p^^^ 
regions of exposed conducting polymer;. (ii) . 
decreases the conductivity of said conducting 
polymer inlaid regions of exposed conducting 
polymer; or (iii) increaseTs the conductivity of said 
conducting polymer in said regions of exposed 
conducting polymer; and 
(d) removing said blocking material to obtain a second 
patterned surf ace containing an exposed pattern of 
conducting polymer. 
18. The device of Claim 17; wherein said substrate is 
selected from the group consisting of glass, quartz, silica, 
silicon, silicon nitride, alumina, aluminum nitride, titania. 



wo 97/18944 PCT/US96/18665 

-59- 

titanium nitride, diamond, waxes, polyesters, 
polyvinylacetate, polyolefins, polyethers, 
pblyviny Imethylether , polyvinylbutylether ^ polyamides , 
polyacrylamide, polyimides, polycarbonates, polysulf ones, 
polyketones, f luoropolymers, aromatic hydrocarbon polymers, 
aery late and acrylic acid polymers, phenolic polymers, 
polyvinylalcohol, polyamines, polypeptides, siloxane polymers, 
polyvinylchloride, polyvinylbenzylchloride, polychlorostyrene,. 
polyvinylbutyral, copolymers thereof, and mixtures thereof. 

19. The device of Claim 17, wherein said conducting 
polymer is selected from the group consisting of cis and trans 
polyacetylenes, polydiacetylenes, polyparaphenylenes, 
polypyrroies , polythiophenes^polyJii.thicph_enes , 
polyisothianaphthene, polyphenylenevinylenes, 
polythienylvinylenes, polyphenylenesulf ide, and polyaniline. 

20. The device of Claim 17, wherein said conducting 
polymer is polypyrrole- 

21. The device of Claim 17, wherein said conducting 
polymer is polyaniline. 

22. The device of Claim 17, wherein said agent is 
selected from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, aqueous R^.jm^^ 
OH- (where R is C,.,-al)cyl) , HCl, HNO,, HCIO,, and H^SO,. 

23. The device of Claim 17, wherein said agent is a 
hypochlorite salt. 
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y :^ 24 . The device of Claiiu 17, wherein said agent is 
tetramethyiaiiunpniuro hydroxide, - 

i 25. Ttie device of Glaiin 17, which is a liquid prystal . 
: display-. / ' 'y'-'-:-..^ . " . . * ^ ^ 
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FIG.2A 




FIG.2B 

SUBSTITUTE SHEET (RULE 26) 



wo 97/18944 



PCTA)S96/1866S 



3/5 




FIG. 3 




FIG.4 

SUBSTITUTE SHEET {RULE 26) 
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POLYMER DISPERSED LIQUID CRYSTAL DISPLAY 
ON CONDUCTING POLYMER SUBSTRATES ; 





a: Substrate: PET, FEP, OR Glass 
b: Conducting Polymer 



FIG. 5 



SUBSTITUTE SHEET {RULE 26) 
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FIG. 6 




CONDUCTING POLYMER TWISTED NEMATIC CELLS: 

a: Polarizer / Analyzer 
b: Substrate: PET. FEP, 6las» 
c: Conducting Polymer: PPy, PAN! 
d: Alignment Layer: Rubbed PPy or PANI 

Rubbed Pblylmide, 
Non-rubbed Alignment Layer 

CONVENTIONAL TWISTED NEMATIC CELLS: 

a: Polarizer / Analyzer 

b: Substrate: Glass 

c: Conducting Coating: ITO 

d: Alignment Layer: Rubbed Polymlde 

SUBSTITUTE SHEET (RULE 28) 
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